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ABSTRACT 
Stroke is a leading cause of long-term disability in the United States. Previous research has 
shown a strong correlation between damage to the corticospinal tract (CST) and motor deficits 
in post-stroke patients. However, recent research suggests that other sensorimotor pathways 
(rubrospinal tract, medial reticulospinal tract) are damaged after stroke and may also 
contribute to motor dysfunction. Here, we will review current research suggesting that 
alternate sensorimotor pathways are involved in post-stroke motor dysfunction and outline 




Stroke is a leading cause of long-term disability, with more than 7 million reporting a stroke 
event in the United States.  In an effort to understand the effects of stroke, the corticospinal 
tract (CST) has been widely evaluated after stroke. Cross sectional studies show that damage to 
the CST is associated with deficits including aphasia, hemiparesis, dysphagia, sensory loss, in 
addition to reduced motor recovery (Balasubramanian). However, recent research suggests 
other sensorimotor pathways are also implicated in post-stroke recovery (Karbasforoushan, 
Cohen-Adad et al. 2019). For example, recent work by Karbasforoushan et al suggests that in 
addition to the CST, degeneration or regeneration of the lateral and medial reticulospinal 
tracts, descending medial longitudinal fasciculus, and tectospinal tract influences baseline 
motor function post-stroke.  
Initial studies evaluating the role of CST in stroke recovery did not evaluate alternative 
pathways.  This is due to the nature of anatomical organization of the central nervous 
system.  Specifically, the descending and ascending tracts were unable to be distinguished with 
current imaging because they overlap in the brain. As they progress into the spinal cord, the 
tracts begin to delineate. By using magnetic resonance imaging (MRI) and focusing on the 
degree of anisotropy, the integrity of the white matter can be visualized in the spinal cord. 
(Karbasforoushan, Cohen-Adad et al. 2019) The goal of this review is to summarize current 
findings of the implications of other pathways in post-stroke recovery and discuss future steps 
in which this research will be implemented. 
 
EVALUATION OF CORTICOSPINAL TRACT (CST) AFTER STROKE 
The CST primarily controls motor activity throughout the body (Wittenberghe et al. 2020). The 
body of the tract begins in the primary motor cortex and the axons continue to travel in 
bundles through the internal capsule, cerebral peduncles and ventral pons. The lateral 
corticospinal tract (LCT) is formed when many of these axons ``cross-over” at the pyramidal 
decussation at the level of the brainstem and the spinal cord. The crossing over allows the left 
side of the brain to control the right side of the spinal cord and vice versa. Damage to the LCT 
can result in ipsilateral paralysis, paresis, and hypertonia (Wittenberghe et al. 2020).  
Maraka et al. found significant correlations between the degree of CST damage and the severity 
of motor impairment in patients’ post-stroke. The study recorded motor decline and CST 
damage by measuring virtual fibers of the CST and using 3-D images to reconstruct white 
matter fiber tracts known as diffusion tensor tractography (DTT). Patients were assessed in the 
acute (3-7 days), subacute (4 weeks) and chronic (3 months) phases post-stroke. All three 
phases showed a correlation between CST damage and decreased motor ability - most strongly 
correlated in patients of the chronic phase. These results suggest that damage to the CST is 
correlated with decreased motor function. This study also suggests that visualizing the amount 
of damage to the CST can help target specific regions of the CST to retain motor function 
(Maraka et al. 2014).  
Although the CST is widely studied, other sensorimotor pathways can play a role. Sensorimotor 
pathways such as the rubro-spinal tract, involved in the control of muscle tone and flexor 
groups, seem to have a role in motor impairment in patients’ post-stroke.  Takenobu et al. 
findings suggest that there are inter-hemispheric connections between the rubro-spinal and 
cortico-cortical pathways aid in motor recovery in patients’ post-stroke. Further the rubro-
spinal tract was shown to undergo gradual changes in its microstructure over a three-month 
period after a subcortical stroke (Takenobu et al. 2014).  
 
EVALUATION OF ALTERNATE PATHWAY DEGENERATION AFTER STROKE: IN VIVO STUDIES 
 Early work in animals evaluated degeneration of alternate pathways after stroke by evaluating 
anterograde degeneration in the cervical spinal cord. In their models, Ling and colleagues 
observed microglial proliferation in the ipsilateral frontoparietal cortex, thalamic nuclei and 
ventral portions of the internal capsule following focal cerebral ischemia due to middle cerebral 
artery (MCA) occlusion (Ling 1997). Most notably, marked microglia and astrocytic reactions 
were identified in the grey matter of the spinal cord. This initial work suggested that MCA 
occlusion can elicit neuronal degeneration of the spinal cord (Ling 1997).  Dang and colleagues 
experienced a similar phenomenon. Their study illustrated that both CST and spinal cord 
degeneration occurred after middle cerebral artery occlusion in rat models. Taken collectively, 
early animal work indicated that cerebral infarctions could cause secondary degeneration in 
regions outside of the brain.  Further, these initial animal studies provided the foundation for 




EVALUATION OF ALTERNATIVE PATHWAY DEGENERATION AFTER STROKE: POST-MORTEM 
STUDIES 
Initial human research evaluating alternative pathway degeneration post-stroke was conducted 
using a post-mortem model.  Specifically, several notable studies have evaluated the cervical 
and thoracic spinal cords of stroke patients post-mortem. Buss and colleagues removed spinal 
cords from 26 subjects post-mortem (4 controls and 22 post-stroke patients). Spinal cords were 
sectioned and histology was performed evaluating demyelination, astrocytic scarring and 
amount of microglial activation.  Buss et al. observed a gradual loss of myelin in the spinal cord 
as early as 1-4 months after stroke.  In tandem, astrocytic scarring was observed in cervical 
sections of the spinal cord at the same time as myelin loss.  Interestingly, changes in the spinal 
cord after stroke were observed in both the cervical and thoracic regions of the spinal cord, 
although the timing of these events remains unclear (Buss, Brook et al. 2004).  Collectively, 
post-mortem work has suggested that insult in the brain leads to degeneration in the spinal 
cord, and, additionally, causes continued degeneration for years after. Targeting the spinal 
tracts for therapeutic treatment can help in recovery of post-stroke patients.   
 
EVALUATION OF ALTERNATIVE PATHWAY DEGENERATION AFTER STROKE: RECENT WORK 
Due to recent advances in neuroimaging techniques and MRI analysis, recent work has added 
to the body of work that implicates other sensorimotor pathways in post-stroke recovery. Of 
note, to our knowledge, only one study has evaluated the implications of other sensorimotor 
pathways after stroke. Karbasforoushan et al. used high resolution magnetic resonance imaging 
(MRI) and voxel-wise analyses to differentiate white matter changes of different tracts. 
Karbasforoushan and colleagues observed that CST and bulbospinal tracts showed decreased 
white matter integrity on the lesioned side of the brain due to stroke. In addition, decreased 
white matter integrity was found in the cuneate fasciculus, gracile fasciculus, and tectospinal 
tract of the spinal cord. The cuneate and gracile fasciculus carry tactile and proprioceptive 
information from the upper and lower half, respectively. However, most notably, white matter 
integrity was increased in the medial reticulospinal tract of the non-lesioned hemisphere. This 
suggests that individuals post-stroke have motor impairments due to CST damage and, thus, 
rely on the medial reticulospinal tract of the non-lesioned hemisphere to aid in movements 
(Karbasforoushan, Cohen-Adad et al. 2019). The study suggests that subsequent experiments 
should focus on elucidating the full role of the medial reticulospinal tract in motor function to 
understand the full ramifications of its role post-stroke.  
 
DISCUSSION AND FUTURE WORK 
With this knowledge we can focus our future work on the foundations of current work. We 
have concluded that cerebral infarction can cause secondary degeneration in alternative 
sensorimotor pathways that descend into the spinal cord as per the animal and cadaver studies. 
More recent work has illustrated that other sensorimotor pathways are involved in the 
degeneration and rehabilitation of an individual post-stroke. White matter integrity decreases 
in the lesioned hemisphere but increases in the non-lesioned, as a compensatory mechanism to 
preserve motor function.  
Our future work will continue and build upon the literature reviewed above. We will focus on 
the spinal cord and sensorimotor pathways other than the CST to understand their explicit role 
in patients' post-stroke. In addition, we will follow patients through their stroke recovery to 
gain insight into the degeneration that occurs in the spinal cord as time goes on. Other factors 
we will take in account would be the patients’ ages and co-morbidities. For example, it is well-
studied that diabetes causes microvascular and macrovascular incidents leading to 
complications like stroke (Chen et al. 2016). This usually leads to poorer clinical outcomes. It is 
also known that aging is a non-modifiable risk factor for stroke. Yousufuddin et al. reported 
that approximately three-fourths of all strokes occur in patients 65 and older. With aging, the 
brain begins to remodel and become susceptible to micro-circulatory changes (Yousufuddin 
2019). Through culmination of all the previous work and our future proposed work, we hope to 
not only understand the implications of stroke on the spinal cord but to ultimately decrease the 
time of rehabilitation in a post-stroke patient.   
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